AIMS OF THE STUDY: To analyse medical end-of-life decision making among the oldest old (80+ years) in Switzerland, focusing not only on treatments withheld or withdrawn but also on those continued until death.
Introduction
As a result of demographic aging in developed countries, the proportion of deaths of patients aged 80 years or older has risen sharply in recent decades. In Switzerland, this proportion has now reached over one half of all deaths in men and more than two thirds of all deaths in women [1] . The aging of the population as well as medical technological developments occur alongside changes in medical care and decision making at the end of life [2] . There is little information available on the circumstances and quality of care in the final phase of older patients' lives [3] [4] [5] . Particularly for patients aged 90 years or older, there are no specific investigations into the incidence and characteristics of medical end-of-life decisions (MELDs). The oldest old have been reported to have less access to specialist or palliative care, to receive adequate pain and symptom treatment less often, and to be excluded from decision making more often [6] . For this reason, it is highly relevant to gain more insight into what medical decisions are made towards the end of life in these patients and whether age is a determining factor.
MELDS include the administration of drugs to alleviate pain and other symptoms even when such treatment may hasten the patient's death (APS), as well as decisions to forgo potentially life-sustaining treatment, namely withholding and/or withdrawing a certain medical therapy. These decisions account for the vast majority of MELDs [2, 7, 8] . Withholding treatment means the decision not to initiate a treatment that is aimed at prolonging life, whereas withdrawing treatment means to discontinue an ongoing treatment [9] [10] [11] [12] . Both types of decision can hasten death and thus may create a tension between prolonging life and providing the best possible quality of life. For this reason, despite their frequency in end-of-life care, such decisions are often difficult and stressful for medical health professionals [9, 13, 14] .
Several studies have shown that APS was used less often in older patients [3, 15, 16] , whereas other studies did not find any age differences [8, 17, 18] . A systematic review by Rietjens et al. [2] showed that in most of the studies reviewed, APS was used less often in the 80+-year-olds, but the overall effect was not significant. According to several studies, forgoing potentially life-sustaining treatment occurred more often in older patients (80+) than in younger ones [2, 8, 9, [16] [17] [18] [19] [20] . In older patients, withholding treatment was generally more frequent than withdrawing treatment [21] . Other studies found that age is unrelated to the frequency of end-of-life decisions in general [15, 22, 23] and that the incidence of forgoing treatment in particular did not significantly differ with age [3, 15] . But many of these studies did not differentiate between withholding and withdrawing treatment, and none of them considered the treatments that were continued until death. However, it is essential to analyse the frequency of treatments withdrawn in relation to the total number of treatments given, that is, cases in which a treatment was withdrawn plus cases in which that treatment was continued until death. We therefore chose a new approach and compared withholding treatment not only with withdrawing but also with continuing it [24] . For this purpose, we restricted our analyses to non-sudden, expected deaths since only these cases were eligible for an MELD.
The first aim of our study was to describe the incidences of intensified APS and of treatments withheld/withdrawn among the oldest old patients in Switzerland prior to death and to analyse whether they differ with age. The second aim was to study whether age impacts the frequency of withholding, withdrawing and continuing specific types of treatment.
Methods

Data collection
Between 1 August 2013 and 31 January 2014, the Swiss Federal Statistical Office weekly drew a random sample of death certificates, encompassing 21.3% of deaths of people aged 1 year or older in the German-speaking part of Switzerland, 41.1% in the French-speaking part and 62.9% in the Italian-speaking part. Certifying physicians were sent a total of 8963 questionnaires, of which 3173 (63.5%), 1538 (51.9%) and 617 (61.7%) were returned from the German-, French-, and Italian-speaking regions, respectively, up to 11 June 2014. To ensure anonymity of both patients and physicians, the questionnaires were sent to the Swiss Academy of Medical Science where they were anonymised before being made available for research.
Survey
The standardised survey collected information about MELDs regarding the patient, as well as physician demographic information. Physicians were asked to indicate when they had first encountered the patient (including possibly not until after death) and whether death had been sudden and completely unexpected. Further questions inquired after treatment decisions made at the end of life and the decision-making process. Multiple-choice questions asked about specific treatments that were continued until death, or withheld or withdrawn before death. Demographic information about the patient was collected from the death certificate. More details are given elsewhere [23] .
Sample
We included all people aged 65 years or older at the time of death who did not die suddenly and completely unexpectedly as assessed by the responding physician (n = 3678). We excluded those who died from a physician-assisted death or with whom the responding physician did not have contact before death. Cases without APS where only "other treatment" or "other medications" were continued, withdrawn or withheld were also excluded (n = 134). This led to a final sample of n = 2842.
Analysis
Data were weighted to adjust for region-, age-, and sexspecific differences in response rates and to ensure the sample was representative of all deaths in the sample period. The regions (German-, French-, and Italian-speaking) were weighted according to their proportion of deaths in the total Swiss population.
Descriptive statistics (weighted %) were used to assess the characteristics of the study population and the frequency of the different MELDs. Multivariable logistic regression (odds ratios [ORs], 95% confidence intervals [CIs]) was used to test the association between patient and care characteristics and odds of specific MELDs. All analyses were adjusted for sex, marital status, cause of death, and place of death. Deceased persons were classified into three age groups: 65-79 (reference group), 80-89, and 90+ years old. Study methods have been described in more detail elsewhere [25] .
Ethics
The study was issued a waiver as being unproblematic by the Zurich Cantonal Ethics Board (KEK-StV-Nr. 23/13).
In the youngest age group, the most common cause of death was neoplasm (47.7%). This proportion decreased with age (23.6% in the 80-89-year-olds, 12.7% in the 90+year-olds). On the other hand, there was an increase in cardiovascular diseases with age (16.2% in the 65-79-yearolds vs 26.4% in the 80-89-year-olds and 33.4% in the 90+-year-olds) and a smaller increase of diseases of the nervous system (13.6 vs 21.6 and 23.7%, respectively). Respiratory disease was rarer (11.2% of all cases) and did not substantially vary across age groups. The same was true for "other or unknown" diagnoses (16.0% of all cases).
The most common places of death were hospital (37.7%) and nursing home (35.2%), followed by elderly care residence (12.9%), home (9.6%), palliative care unit (4.3%) and "other" (0.3%). The youngest patients were most likely to die in a hospital (54.1%), whereas patients aged 90 years or older were most likely to die in a nursing home (50.5%).
Incidence of MELDs
In 83.8% of all individuals in our study population at least one MELD was made, and the proportion slightly increased with age (81.7 vs 84.6 vs 84.8%; table 1). However, this increase was not significant in logistic regression analysis controlling for place of death and sociodemographic characteristics (OR 1.24, 95% CI 0.96-1.60 for the 80-89-year-olds and OR 1.28, 95% CI 0.94-1.74 for the 90+-year-olds compared with the 65-79-year-olds; table 2). There were no significant differences in the frequency of at least one MELD between different causes of death, places of death or regarding sex and marital status.
The use of intensified APS slightly increased with age (67.2% in the youngest vs 68.9% in the second and 70.3% in the oldest group; table 1). Logistic regression (table 2) showed that the increase was significant for the oldest group compared with the youngest one (OR 1.29, 95% CI 1.01-1.66), but not for the second age group (OR 1.16, 95% CI 0.95-1.43).
Patients who died from non-cancer causes were less likely to receive APS than those who died from cancer, although the difference was only significant for diseases of the nervous system (OR 0.77, 95% CI 0.60-0.99). The frequency of APS was similar in all settings, ranging from 66.2 to 69.6% (compared with hospital deaths: OR 0.83, 95% CI 0.66-1.03 for home deaths and OR 0.99, 95% CI 0.80-1.22 for nursing home deaths).
Withholding or withdrawing a potentially life-sustaining treatment occurred most often in the 80-89-year-olds (72.3%), followed by the 65-79-year-olds (69.7%), and the 90+-year-olds (69.1%). However, logistic regression showed no significant age-related differences (OR 1.12, 95% CI 0.91-1.38 for the 80-89-year-olds and OR 0.97, 95% CI 0.75-1.24 for the 90+-year-olds). Regarding the different causes of death, 76.0% of all patients with diseases of the nervous system and 74.9% of all patients with "other or unknown" diagnoses had a decision to withhold or withdraw treatment, which was significantly more common than in cancer patients (OR 1.50, 95% CI 1.15-1.95 and OR 1.37, 95% CI 1.04-1.81, respectively). No significant differences were found for the other causes of death (OR 1.03, 95% CI 0.82-1.30 for cardiovascular diseases and OR 0.97, 95% CI 0.73-1.30 for respiratory diseases). When the different settings were compared, the frequency of withholding or withdrawing treatment was significantly When analysing the frequency of withholding/withdrawing treatment with and without the explicit intention of hastening death separately, we found no significant age pattern for either group (not shown in table) . Figure 1 shows the weighted percentages of withholding, withdrawing and continuing all nine specific types of treatment for the three age groups separately. All treatments were attempted most often in the youngest age group.
Types of treatment withheld, withdrawn or continued until death
There was a clear and consistent decrease with age of treatment attempts in artificial hydration and nutrition, antibiotics, ventilator therapy, chemotherapy and dialysis. For surgery, blood products and radiotherapy the proportion increased slightly in the oldest age group compared with the middle group. But for all these treatments, case numbers in older patients were low. The proportions of withdrawing an already attempted treatment were approximately the same for all age groups across all types of treatment. Withholding a treatment was clearly more frequent than withdrawing the same treatment for all types of treatment in all age categories. Furthermore, withholding a therapy was more common than attempting (withdrawing plus continuing) the same therapy for all types of treatment in all age groups except for artificial hydration and antibiotics, which were given more frequently than withheld in the youngest age group, and artificial hydration, which was withheld about as often as given in the second age group. The proportions of patients for whom a specific treatment was taken into consideration (sum of continued, withdrawn and withheld) decreased with age for all types of treatment except for artificial nutrition and surgery. The decrease with age was most pronounced in chemotherapy and ventilator therapy.
The four most common types of treatment were artificial hydration, antibiotics, artificial nutrition and ventilator therapy. These four treatments were analysed in more detail by comparing the frequency of withholding the different therapies to withdrawing or continuing them (table  3) . The greatest increase with age was found for ventilator therapy. The 80-89-year-olds were nearly three times as likely to have ventilator therapy withheld rather than withdrawn or continued than the 65- With respect to cause of death, there was a significant association between the underlying disease and any of the four types of treatment. A decision to withhold rather than attempt ventilator therapy and artificial nutrition was significantly less common in patients who died from non-cancer causes than those who died from cancer. For antibiotics and artificial hydration, the proportion was significantly lower only for cardiovascular and respiratory diseases compared with cancer. Withholding ventilator therapy instead of attempting it was significantly more common among women (OR 1.54, 95% CI 1.01-2.36), whereas no significant sex differences could be found for the three other types of treatment stud-ied in more detail. Marital status had no significant impact on withholding any of the four treatments. 
Discussion
To our knowledge, this is the first nationwide study of MELDs that specifically includes and focuses on the oldest old patients while differentiating between withholding, withdrawing, and continuing treatment until death. Our results show a number of substantial age differences in the most common MELDs and confirm that the oldest old patients are not a homogeneous group, but that there are relevant differences between the ages 80-89 and 90+ years.
Incidence of APS in relation to age
The frequency of APS increased across the three age groups and varied from 67.2% to 70.3%. The increase was significant for the oldest old (90+) compared to the youngest age group (65-79). To the best of our knowledge, this gradient has never been described. Previous studies showed a decreasing use of APS with age [3, 15, 16] or no significant age differences at all [2, 8, 17, 18] . A reason for this discrepancy may be that we compared the 90+ and 80-89-year-old groups with the 65-79-year-old patients, whereas all other studies compared 80+-year-olds to <80-year-olds. In addition, almost all previous studies on APS, with the exception of one [15] , assigned to each death only one MELD, namely the decision with the most explicit intention of shortening life, whereas we allowed more than one MELD per case. This may of course contribute to the difference in results. An explanation as to why elderly people received more intensified APS may be that they more often prefer treatment options that aim to provide the best possible quality of life rather than prolonging life at all costs [26] . Our study showed that APS was most frequent in cancer patients, which is in line with findings of other studies [16, 18] .
Incidence of withholding/withdrawing treatment in relation to age
In more than four out of five non-sudden deaths in patients aged 65 years or older, at least one MELD had been made prior to death. The incidence of MELDs in total did not significantly differ with age, which is consistent with previous research [3, 15, 17, 22] . The frequency of withholding/withdrawing treatment did not significantly differ with age, either. Only two previous reports came to the same conclusion [3, 15] . They chose the same approach as we did and included only non-sudden, expected deaths in the denominator. This has been shown to be more valid since only these deaths were eligible for an MELD [3] . Most previous studies found an increasing incidence of withholding/withdrawing treatment with age and most of them included all deaths in the denominator [8, 9, 16, 18] . This approach might skew the data because younger patients may be more likely to die from sudden, unexpected deaths. In addition, the prioritisation of MELDs in nearly all previous studies could be a relevant reason why our study had different results. All studies that found a significant age difference used this method, whereas the only study that permitted more than one MELD per case [15] found no significant age difference in withholding/withdrawing treatment, which is consistent with the approach and result of our study.
In the analysis of decisions with the explicit intention of hastening death, no significant age differences were found.
Seale et al. [22] reported the same finding and Chambaere et al. [15] even showed a decrease in withholding or withdrawing treatment with the intention to hasten death. This indicates that the elderly, who are often considered a vulnerable patient group [2] , are not more frequently exposed to withholding or withdrawing treatment with intentional life-shortening. Other studies support this finding, showing that decisions to withhold or withdraw life-prolonging treatment were most often made because there was no chance of improvement and the patient was recognised as being near death, which led to promoting patient comfort as the main goal of treatment [9, 22, 27] .
A reason why there were no significant age differences in withholding/withdrawing treatment in general may be that it is a too broad and nonspecific category. The various types of treatment can have very different characteristics regarding the circumstances in which they are used, the potential life-prolonging effect or the burden of treatment [28] . Therefore, we analysed them separately.
Withholding, withdrawing and continuing different types of treatment
Although the frequency of withholding/withdrawing treatment did not depend on age, significant age differences were found when different types of therapies were analysed separately and when withholding a particular treatment was compared with applying (withdrawing plus continuing) the same treatment. Withholding treatment was generally more common than withdrawing and continuing it for nearly all types of treatment, especially in the oldest patients (90+). This is consistent with findings from other studies [9, 20, 21] . The proportion of patients for whom a particular treatment was attempted clearly decreased with age for nearly all treatments. Increased comorbidity and mortality risk in older age can lead to treatments being considered less promising from the start and therefore being withheld rather than attempted [2, 21] . In addition, older patients often prefer comfort care rather than prolonging life at all costs [9] . Moreover, it has been shown that even after adjustment for patients' care preferences and prognosis, severely ill older patients are treated less aggressively than younger ones [29] . For withholding artificial hydration compared with attempting it, no significant age differences could be found. However, place of death had a strong impact on artificial hydration, which was about 30 times more likely to be withheld at home or in nursing homes than in hospital. The benefits and burdens of the use of artificial hydration in end-of-life care are still controversial [30] [31] [32] . There are studies that found no effect of artificial hydration on symptom control, whereas others argue that it is still considered the minimum standard of end-of-life care [24, 33, 34] . Our results suggest that the latter is particularly the case in hospitals.
High-technology treatments with a high potential of being burdensome, such as surgery, oncotherapy, dialysis or radiotherapy, were rarely considered (sum of withholding, withdrawing and continuing) and much more often withheld than withdrawn or continued. This was particularly true for the oldest old patients and corresponds to the current ethical view that therapies with little benefit compared with burden should be avoided [35] .
The decision to continue a potentially life-sustaining treatment until death was made less often in older patients, whereas the proportion of treatments withdrawn compared with applied was about the same over all three age groups for all types of treatments. Potentially life-sustaining treatments were less often applied in older patients, which explains why they were less often continued until death: a treatment that has never been used cannot be continued. However, the frequency of withdrawing an already applied treatment did not decrease with age. The decision to withdraw an already applied treatment therefore appears to be not primarily dependent on age, but could also be related to factors such as the current clinical status and the burden of symptoms.
Strengths and limitations
The mortality follow-back study method used was rated as highly reliable [3, 8, [16] [17] [18] 36] and even if the optimal phrasing of the questionnaire is controversial [37, 38] , this kind of study is still considered the gold standard for investigating end-of-life decision making on a population level [23] . A strength of the questionnaire is that only descriptive questions were asked and no sensitive terms such as "passive euthanasia" were used [28] , since it is known that there are still uncertainties among physicians as to what these terms mean [39] [40] [41] [42] . Other methodological strengths were the high response rates (63.5%, 51.9%, and 61.7% in the German-, French-, and Italian-speaking region, respectively) and the large and representative region-wide sample sizes for all deaths in Switzerland in 2013. This allowed us to analyse all age groups up to the oldest old in different settings, to disentangle withdrawing, withholding and continuing treatment, and to examine the individual types of treatment separately. Compared with previous studies, our study therefore provides a highly accurate picture of the end-of-life decisions in the oldest old, providing greater insight into clinical practice.
Nevertheless, some limitations need to be considered. The case numbers for rarer types of treatment, especially among the oldest old patients, were too low for reliable quantitative analyses. Larger studies to assess age differences in the oldest old in all types of treatments are needed. Since the data were collected retrospectively, there is always a risk of memory bias. To minimise this problem, time between death and completion of the questionnaire was kept as short as possible and physicians were able to use the patient's medical records as a memory aid. Although the response rates were relatively high, there is still the possibility of nonresponse bias, especially since MELDs with a life-shortening effect are a sensitive topic. However, studies that investigated nonresponders showed that nonresponse did not cause sociodemographic distortion and was most often due to a lack of time and not because of more relevant reasons such as the physician's personal attitude towards end-of-life decisions [22, 23, 43, 44] . Our study is based on self-reports of physicians and therefore depends on their assessment of the situation; however, this approach is the most appropriate to examine their medical end-of-life practices [23] . In addition, we had no information as to whether a decision to withhold, withdraw or continue a therapy was appropriate or whether the decision was in line with patients' preferences.
And finally, we did not take into account possible regional variations. A previous analysis revealed that MELDs in total and decisions to withhold or withdraw treatment in particular were more common in the German-speaking part of Switzerland than in the French-and Italian-speaking regions. However, no significant regional differences were found for different types of treatment, except for artificial hydration being more likely to be withheld in the Germanthan in the French-speaking part of Switzerland [24, 25] .
Conclusions
In conclusion, we can state that MELDs were common among patients above the age of 65 years, and that the frequency of any MELD versus none did not significantly vary by age. However, the use of APS significantly increased in patients over 90 years old, which is in line with previous research. The incidence of withholding/withdrawing treatment did not significantly differ with age. However, if one considers that potentially life-sustaining treatments were generally attempted less often in oldest old (80+ years) than in younger old patients (65-79 years), the relative frequency of withholding such treatments increased for most of the treatments studied. Since demographic aging occurs in all developed countries, many of our results may be generalised to other countries.
Nonetheless, it is important to consider that MELDs in themselves do not say anything about the quality of endof-life care [9] . Our study could not investigate whether certain MELDs contributed to the best possible quality of treatment and dying. Further studies are needed to determine whether MELDs are in line with best care practices, patient's wishes and best possible quality of life. In addition, insight into the physicians' understanding of the benefits and burdens of different life-prolonging treatments would be helpful to assess the need for better education in end-of-life care and promote quality of care. A recent analysis of the Swiss 2013 MELD study revealed that the physician's training in end-of-life care (e.g., country of education or year of graduation) had a significant impact on the frequency of MELDs and the propensity to discuss MELDs with patients and relatives [45] . And lastly, clearer guidelines would be desirable to help physicians understand how to deal with the often challenging decision to withhold, withdraw or continue different treatments in complex situations [21] .
